The chemical compositions of the essential oil of the rhizome, leaf and stem of Hornstedtia leonurus Retz., collected from Negeri Sembilan, Malaysia,are reported for the first time. The essential oils were extracted using hydrodistillation and analyzed by gas chromatography (GC-FID) and gas chromatography/mass spectrometry (GC/MS). Seventeen (96.4%), thirteen (89.2%) and nine components (98.8%) were successfully identified from the rhizome, stem and leaf oils, respectively. Phenylpropanoids were found to be the major fraction, with methyleugenol being the most abundant compound in all oils with percentage compositions of 76.4% (rhizome), 80.3% (stem) and 74.5% (leaf).
Hornstedtia, a member of family Zingiberaceae which are placed in the tribe Alpinieae [1] , can be found from the Himalayas to New Guinea, mainly in Peninsular Malaysia [2] . About 60 species of the genus have been recorded in tropical Asia [3] , with more than ten, including H. scyphifera, H. ophiuschus, H. striolata and H. phaeochoana, found in Malaysia [4] . The Javanese use the leaf of Hornstedtia species for flavoring, as well as to protect crops from insects by burning the leaves. Furthermore, in Kelantan, H. macrocheilus has been used as an external application to reduce fever [2] . For commercial uses, the dried culm and petiole sheath of H. reticulata are used by locals in Sarawak to weave mats (kasah) and to make small baskets and trays. Recently, these Hornstedtia species have been exploited for ornamental purposes due to their exotic red inflorescencecolor [5] . To the best of our knowledge, an investigation of the essential oil of Hornstedtia species from Malaysia, or any other country, has not been reported to date. Here, we report the chemical compositions of the essential oils from the rhizome, leaf and stem of Malaysian H. leonurus Retz. Hydrodistillation of the fresh rhizome, stem and leaf of H. leonurus gave pale yellow oils in 0.1%, 0.1% and 0.6% yields, respectively. A total of seventeen, thirteen and nine compounds comprising 96.4%, 89.2% and 98.8% of the total constituents of the oils (Table 1) were identified from the rhizome, stem and leaf oils, respectively.
The major compound in each of these essential oils was methyleugenol, which contributed 74.5-80.3% of the total oil, followed by eugenol, which consisted of 12.2%, 3.4% and 17.9% in the rhizome, stem and leaf oils, respectively. Other compounds were only present in low concentrations. From the above figures, it is clear that phenylpropanoids (85.5-92.4%) were the main contributors to the essential oils of H. leonurus. Monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons and oxygenated sesquiterpenes were also present in the essential oils of all parts, except the leaf, which only contained monoterpene hydrocarbons. Furthermore, an aromatic compound, 1,2,4-trimethylbenzene was only detected in the rhizome oil.
Out of the 21 different constituents that occurred in the three oils, five were found in each of the oils. They were α-pinene, β-pinene, myrcene, eugenol and methyleugenol. (Z)-β-Ocimene, terpinen-4ol, (E)-anethole, (E)-methyl isoeugenol and α-cadinol were detected in all parts of the essential oils of H. leonurus, except the leaf, while three compounds, camphene, limonene and methyl chavicol, were absent in the stem oil. On the other hand, 1,2,4-trimethylbenzene, cyperene, eugenol acetate and γ-cadinene were only found in the rhizome oil, whereas 1,8-cineole, linalool and δ-amorphene were only present in the stem oil. In addition, α-phellandrene was only identified in the leaf essential oil.
The concentrations of methyleugenol in the rhizome, stem and leaf oils of Malaysian H. leonurus (74.5-80.3%) were almost similar to those of methyleugenol (38.0-76.3%) in the leaf oil of Ocimum sanctum collected from Petaling Jaya, Malaysia [6] . However, the essential oils of Melaleuca linariifolia from Brazil and M. leucadendra chemotype from Australia and Brazil consist of very high concentrations of this compound with 86.8%, 99.0% and 96.6%, respectively [7] . Among the Zingiberaceae species, Etlingera cevuga is the one that contains a high amount of methyleugenol (47.4%) [8] . These findings indicate that H. leonurus has the potential to be a source of methyleugenol, which is used as a flavoring agent [9] and a fragrance in some perfumes and toiletries [10] . These results can also be used as a reference in the analyses of the chemical constituents of the essential oils of the genus Hornstedtia. 
Extraction of the essential oils:
The fresh rhizome, leaf and stem of H. leonurus (1 kg each) were chopped into small pieces and submitted to hydrodistillation using a Dean-Stark apparatus for 8 h. The distillates were extracted using diethyl ether (3 x 10 mL), followed by drying over anhydrous magnesium sulfate. Evaporation of the solvents yielded rhizome oil (1.4 g, 0.1%), leaf oil (5.5 g, 0.6%) and stem oil (0.8 g, 0.1%). All the essential oils obtained were pale yellow in color.
Analysis of the essential oils:
The GC analysis was performed on a Shimadzu GC-2010 gas chromatograph equipped with a flame ionization detector (FID) and CBP-5 (25 m x 0.25 mm; 0.25 μm film thickness) capillary column. The oven temperature was programmed from 60°C (10 min.) to 230°C at a rate of 3°C/min. Injector and detector temperatures were set up at 220°C and 280°C, respectively. Helium was the carrier gas and the volume of oil injected was 1.0 μL. The peak areas and retention times were measured by electronic integration. The GC/MS analyses were performed on an Agilent GC/MS 7890A/5975C Series MSD (70eV direct inlet) equipped with a HP-5MS fused silica capillary column (30 m x 0.25 mm; 0.25 μm film thickness). The column and injector temperatures were the same as those for GC. The mass range was 50-550 in the full scan mode with a rate of 2.91 scans/sec. The total scan time was 67.7 min.
Component identification:
The resulting essential oil components were identified by comparison of their retention indices with literature values [11, 12] , and also confirmed by comparison of their mass spectral data with those from the Wiley, HPCH 2205.L and NIST05a.L mass spectral databases. Whenever possible, the data were confirmed by co-chromatography with either authentic samples or published data. The retention indices (RI) of the components were determined relative to the retention times of a series of n-alkanes (C 8 -C 30 ). The relative proportions of the chemical compounds are expressed as percentages obtained by peak-area normalization, all relative response factors being taken as one.
